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AXIAL VALVE 

Cross-Reference to Related Applications 
[0001] This application is entitled to the benefit of and incorporates by reference 
essential subject matter disclosed in German Patent Application No. 102 51 167-5 
filed on October 31, 2002. 

Field of the Invention 
[0002] The invention concerns an axial valve with a housing, an inlet, an outlet, a 
valve seat between the inlet and the outlet and a valve element cooperating with 
the valve seat, which is controlled by a pilot valve arranged between the inlet 
and the outlet, the valve element being moveable parallel to a flow path from the 
inlet to the outlet and surrounding an interior space. 

Background of the Invention 
[0003] In one such axial valve, which is distributed by Danfoss A/ S, Nordborg, 
Denmark, the valve element is guided in a cage arranged between the inlet and 
the outlet. The valve element is hollow. A spring is received in the hollow space 
which presses the valve element in the axial direction out of the cage and into 
engagement with the valve seat. When the valve element is lifted from the valve 
seat, the control fluid flows outwardly around the cage and outwardly around 
the valve element in order to flow outwardly through the valve seat to the outiet. 

[0004] Such a valve has proven itself to be basically successful. However, an 
increase in the through flow is limited if one wishes to retain the exterior 
measurements . 

Summary of the Invention 
[0005] The invention has as its object an increasing of the through flow without 
change in the external measurements. 



[0006] This object is solved in an axial valve of the previously mentioned Icind in 
that a first section of the flow path leads through the interior space and a 
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pressxire space is arranged between the housing and the valve element in which 
pressxire space, in the case of a closed pilot valve, a pressure is formed which 
works on the valve element in the closing direction. 

[0007] One therefore changes the flow path for the fluid. The fluid no longer 
flows outwardly aroimd tiie valve element but instead passes through the valve 
element. When the pilot valve is opened pressiu"e relationships are created 
which lead to the opening of the valve, that is to tfie lifting of the valve element 
from the valve seat. The pilot valve thereby controls the same fluid which is to 
be controlled by the valve. This simplifies the operation of the valve. The valve 
element is guided in a housing bore, that means one can considerably increase 
the external diameter of the valve element so that a corresponding enlargement 
of the interior space is possible. The enlargement of the interior space makes 
available in turn a relatively large flow cross-section so that the valve, when it is 
opened, creates only a decidedly small pressure drop. Therefore, since the 
pressure space is arranged between the housing and the valve element, it is 
possible to make the valve element rotationally symmetrical. This simplifies its 
manufacture. The angular orientation of the valve element relative to the 
housing need no longer be considered. 

[0008] It is also preferred that the valve element be guided on the inner wall of 
the interior space by a guide which surroimds a second section of the flow path. 
Thereby the hollow space, which now serves to form the flow path, has a second 
object. It serves namely at the same time to guide the valve element on the guide 
Therefore, it is no longer necessary to place the guide in the form of a cage in the 
flow path of the fluid. One can much more freely design the guide, 

[0009] In keeping with this, it is preferred that the guide is arranged in fixed 
relation to the housing. This provides an increased stability for the guiding of 
the valve element. The guide can, for example, be formed as an insert which is 
inserted into the housing of the valve and is there fixed in place. 
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[0010] Preferably, the flow path passes through the valve seat. The valve seat 
therefore surrounds, as is customarily known, an opening which serves for the 
outflow of the fluid which is controlled by the valve. The valve seat forms 
therefore, no additional flow resistance as, for example, would a plate arranged 
in the middle of the flow path and aroimd which flow has to flow. 

[0011] Preferably, the valve element has at its end facing the valve seat a closed 
surface. This surface then closes the opening which is surrounded by the valve 
seat. This simplifies the control and design of the valve element. 

[0012] Preferably, the valve element is guided in the housing bore without seals. 
The forces which one needs to move the valve element are Icept small. One 
avoids, namely, a seal between the valve element and the housing. An axial 
valve of the kind in question for opening requires a differential pressure between 
the inlet and the outiet. By the elimination of a seal between the valve element 
and the housing wall now very small differential pressures are sufficient because 
the valve element is practically friction free or at least can be supported in the 
housing with only very small fiiction. Therefore, the valve element can be 
moved if the differential pressure between the inlet and the outiet is only very 
small. This is of special advantage in the case of axial valves which are 
controlled with the help of a pilot valve, because the pilot valve controls the same 
fluid material or the same fluid that is to be controlled by the cooperation 
between the valve element and the valve seat. By the elimination of a seal 
between the valve element and the housing there results indeed small leakages, 
which, however, can be caught in that one provides a seal at another spot, for 
example, at the forward end of the valve element. The end effect is therefore that 
an axial valve is obtained which has the same sealing ability, but which makes 
available improved characteristics because of one conducting the flow of the 
fluid through the valve element. 

[0013] Preferably, the pilot valve is arranged in a connection between a pressure 
space, in which prevails a pressure urging the valve in the closing direction, and 
the outiet. If the pilot valve opens then the pressure in the pressure space sinks 



4 



to the pressure in the outlet. Then the pressure in the inlet works on the valve 
element in the opposite direction, which moves the valve element in the opening 
direction. This is a relatively simple possibility for controlling the valve element. 

[0014] Preferably, the pressure space is supplied with pressure through a seepage 
path which stands in connection with the interior space. The seepage path can 
indeed be formed by a distinct surface structure between the valve element and 
the housing, for example, which forms the valve element and the guide. This, 
however, is in general not necessary. In most cases, the valve element is not so 
play free suited to the housing or to the guide that the system is absolutely 
sealed. By means of the play between the valve element and the housing or the 
guide a sufficient amount of fluid material can move into the pressure space 
which then serves for the closing of the valve. Since this pressure space is 
arranged outwardly of the valve element, a relatively large surface stands 
available. The force by which the valve element is pressed against the valve seat 
increases accordingly. This results in a reliable valve function because the valve 
is closed with a greater force. Preferably, the seepage path becomes shortened 
upon the opening of the valve. This eases the movement of the valve element to 
the closed position. One must only dose the pilot valve. Because of the 
shortened extent of the leakage path, which exists in the opened condition of the 
valve element, the fluid has a lower resistance to encounter in its passage to the 
pressure space. The pressure space accordingly fills itself faster and moves the 
valve element to the dosed position. 

[0015] Preferably, a spring working in the dosing direction is arranged in the 
pressure space. This spring supports the closing moment. The opening moment 
is then brought about by the pressure in the inlet, which accordingly must work 
on a larger surface. Here again is shown the advantage of the inventive 
construction of the valve element. Since the valve element is guided on its 
hollow inner space the pressure at the inlet can work on a relatively large surface 
and can create a correspondingly large force. Therefore, it is possible to use an 
essentially stronger spring than previously so as to firmly close the valve. The 
use of a stronger spring is, as said, possible because the pressure force at the 
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valve element works on a surface of greater diameter. A stronger spring yields a 
more reliable valve function. 

[0016] In a preferred construction the guide is arranged at the inlet side of the 
valve element. The fluid is therefore guided through the guide into the guide 
element. Accordingly, disturbances arising from the transition from the guide to 
the valve element are held small. 

[0017] In an altemative construction, the guide is arranged at the outiet side of 
the valve element. In this case, a valve element has advantageously a protruding 
dosure piece which cooperates with \he valve seat. The guide thereby surroxmds 
the valve seat. 

[0018] Preferably, in the area of the guide the valve element has an enlarged 
diameter. This diameter enlargement improves the positioning of the valve 
element for guiding purposes. Above all, it assures that relatively large pressure 
engaging surfaces stand available in the opening and closing directions so that 
the valve element can be pressed with suffidenfly large forces against the valve 
seat. 

[0019] Finally, it is of advantage if the housing in the area of the pilot valve has a 
radially oriented recess. The pilot valve can be supported in this recess in the 
housing and thereby bores are spared. 

Brief Description of the Drawings 
[0020] In the following the invention is described in more detail by way of 
exemplary embodiments in connection with the drawings. The drawings are: 

[0021] Fig. 1 a first embodiment of an axial valve in closed condition. 



[0022] 



Fig. 2 



the axial valve of Fig. 1 in opened condition. 
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[0023] 



Fig. 3 



a valve element of the valve of Figs. 1 and 2 in perspec±ive 
illustration. 



[0024] Fig. 4 



the valve element in the longitudinal section IV-IV of Fig. 5, 



[00251 Fig. 5 



an end view of the valve element. 



[0026] Fig. 6 



a second embodiment of an axial valve in closed condition. 



[0027] Fig. 7 



the axial valve of Fig. 6 in opened condition, and 



[0028] Fig. 8 



a third embodiment of an axial valve in closed condition. 



Detailed Description of the Preferred Embodiments 
[0029] Figs. 1 and 2 show an axial valve 1 with a housing 2 having an inlet 3 and 
an outlet 4. Between the inlet 3 and the outlet 4 is arranged a valve seat 5 which 
cooperates with a valve element 6. 

[0030] The valve element 6 has a hollow interior space 7. The interior space 7 has 
a wall 8 by means of which the valve element 6 is guided on the outside of a 
guide 9, which is arranged in and fixed relative to the housing 2. The valve 
element 6 is therefore telescopically supported on the gmde. The guide 9 is 
formed as an insert fixed in the housing 2. 

[0031] The valve element 6 has on its side which neighbors the outlet 4 a closed 
surface 10 surrounded by a seal 11 which ultimately comes to lie on the valve 
seat 5 when the valve element 6 is in the position illustrated in Fig. 1. The surface 
10 stands in connection with the wall 8 through star shaped arms 12. Between 
the arms 12 are formed openings 13 through which fluid can flow which reaches 
the interior space 7 through the inlet 3, when the valve element 6 is lifted from 
the valve seat 5, as is shown in Fig. 2. 
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[0032] The valve element 6 is further giiided in a bore 14 of the housing whose 
internal diameter is practically exactly as large as the external diameter of the 
valve element 6. No seals are arranged between the valve element and the 
housing 2. The valve element 6 is therefore free of seals and is accordingly 
guided in the bore 14 with low friction. By circumferential grooves 15 in the 
valve element 6 it is indicated that between the valve element 6 and the bore 14 a 
certain amount of play is provided so that a "seepage path" 16 is formed through 
which fluid from tiie inner space 7 can reach an annular pressure space 17 
boxmded by tiie guide 9, the valve element 6 and the housing 2. The "seepage 
path" can also comprise a section formed between the valve element 6 and the 
guide 9 in the region of the wall 8. The guide 9 has a tfiidcened end 18 whose 
external diameter is exactly as large as the internal diameter of the bore 14. The 
detailed construction of the seepage path however plays no role. One can also 
achieve the supplying of fluid to the pressure space 17 by providing openings or 
bores at other places, for example, through the end 18 of the guide 9. 

[0033] Arranged in the pressure space 17 is a spring 19 which biases the spring 
element 16 in the closing direction and therefore presses the valve element 6 
against the valve seat 5. 

[0034] The pressure space 17 stands in connection with a pilot valve 21 through a 
channel 20. The pilot valve 21 has a pilot valve element 22 which cooperates 
with a pilot valve seat 23. The pilot valve seat 23 is connected with the outlet 4 
through a channel 24. It acts therefore as a servo-valve, which with the help of 
the pilot valve 21 is activated by the same fluid which is controlled by the axial 
valve 1. In that the valve element 6 is guided free of seals in the bore 14 of the 
housing 2, the friction accompanying movement of the valve element is 
extremely small. Accordingly, small forces and therewith small pressure 
differences across the valve element 6 are sufficient to move it. 



[0035] The axial valve 1 works as follows: 

Fluid, which is delivered through the inlet 3 reaches the interior space 7 of 
the valve element 6 through the hollow guide 9, but cannot flow further because 
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the valve element 6 lies with the seal 11 on the valve seat 5. Because of the 
increased pressure at the inlet 3, the fltiid seeps through the seepage path 16 to 
the pressure space 17 until a pressure equality between the inlet 3 and the 
pressure space 17 is reached. The valve element 6 is biased in the closing 
direction by the pressure in the pressure space 17. Additionally, the valve 
element 6 is biased in the closing direction by the force of the spring 19. Lastly, 
the pressure in the irJet 3 works in the closing direction on the forward end 
which carries the surface 10. In the opening direction the pressure in the inlet 
works also and indeed on the surfaces facing the opening direction. This is 
essentially the thickness of the annular waU of the valve element 6 plus the 
surfaces of the arms 12. In regard to tiiis, the surfaces biased in one or the other 
direction are so designed that the valve element 6 remains in the closed position 
when the pressure in the pressure space 17 is that of the pressure in the inlet 3. 

[0036] If now the pilot valve 21 opens, the pressure escapes from the pressure 
space 17. Then the pressure in the outlet 4 practically prevails in the pressure 
space 17. The pressure in the inlet 3 is then in the position to lift the valve 
element 6 from the valve seat 5 and to shift it to the position illustrated in Fig. 2. 
The axial valve 1 is thereby opened. 

[0037] For the fluid a flow path arises from the inlet 3 to the outiet 4, which runs 
through the valve seat 5, more correctiy said through an opening 25 surrounded 
by the valve seat 5. The flow path has a first section formed in the inner space 7 
of the valve element 6, and a second section formed in the hollow interior of the 
guide 9. As seen in the flow direction, the sequence of the two sections is 
naturally reversed. 

[0038] For ptirposes of clarity, in Fig. 2 the spring 19 and the spring of the pilot 
valve 21 are omitted. The pilot valve element 22 is lifted from the pilot valve seat 
23. 

[0039] The valve element 6 in this embodiment is doubly guided, namely on one 
hand by the gmde 9 in the interior space 7 and on the other hand in the bore 14 in 
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the housing 2. Accordingly, in a simple way it is possible to create the annular 
pressure space 17. 

[0040] Figs. 6 and 7 show an alternative embodiment in which similar and to one 
another corresponding parts are provided with the same reference numbers. 

[0041] While in the embodiments of Figs. 1 and 2 the guide 9 is arranged in the 
flow direction from the inlet 3 to the outlet 4 in front of the valve element 6, the 
guide 9 now is located in the flow direction behind the valve element 6. The 
guide in this case includes the valve seat 5, which as in the embodiment of Figs. 1 
and 2 is not only a component of the housing, but can also be formed as an insert. 

[0042] In this case the seepage path 16 is formed between the valve element 6 and 
the guide 9. As above explained, the seepage path can also be formed at other 
places, for example, between the projection 26 and the interior wall of the inlet 3. 
The valve element 6 has a projection 26 by means of which it is gtdded in the 
housing 2, and more exactly said in the inlet 3. The projection 26 has a reduced 
diameter. In other words, the valve element 6 in the region of the guide 9 has an 
enlarged diameter. 

[0043] The projection 26 has an annular wall 27 by means of which the valve 
element 6 is guided in the inlet 3 and which is connected with a middle part 29 of 
the valve element 6 by three or more arms 28. A closure element 30 is fastened to 
the middle part 29 and ultimately comes into engagement with the valve seat 5 
when the valve element 6 is in the position illustrated in Fig, 6. Between the arms 
28 are free openings 31 through which fluid from the inlet 3 can reach the interior 
space 7. 

[0044] Huid which reaches the inner space 7 from the inlet 3 through the 

openings 31 seeps through the seepage path 16 into the pressure space 17 and 
exerts a closing force on the valve element 6 which presses the valve element 6 
into the position illustrated in Fig. 6. Supporting this is the force of the spring 7 
and the pressure of the flmd issuing through the inlet 3. 
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[0045] When the pilot valve 20 (in the illustrations of Figs. 6 and 7 a closing 

spring of the pilot valve 20 is omitted) is opened, then the pilot valve element 22 
is lifted from the pilot valve seat 23 and the pressure space 17 comes into 
connection with the outlet 4 through the channel 24. The pressure in the pressure 
space 17 sinks. The pressure in the inlet 3 then works in the opening direction on 
a surface which is larger than the surfaces on which the pressure of the inlet 
works in the dosing direction. This can for example, be a surface 32 which goes 
outwardly from the projection 26. The valve element 6 is thereby moved in the 
opening direction and the closure element 30 lifts from the valve seat 5. Thereby 
the opening 25 is made free and the fluid can flow from the inlet 3 through the 
outlet 4. 

[0046] If the pilot valve 20 is dosed, then pressure can again build up in the 
pressure space 17. A pressure bxiild up can in the case of a dosed valve element 
6 take place relatively quickly because the seepage path 16 is here shortened in 
comparison to the dosed position of the valve element 6, as shown by a 
comparison of Figs. 6 and 7. The valve element 6 is therefore relatively quickly 
moved in the closing direction, so that the dosure element comes into 
engagement with the valve seat 5. 

[0047] In contrast to the construction of Figs. 1 and 2, in the embodiment of Figs. 
6 and 7 the housing 2 has a recess 33 in which the pilot valve element 22 is 
moveable. The pilot valve seat 23 is at the foot of the recess 33. This construction 
has the advantage that it on one hand diminishes the construction height of the 
valve 1. On the other hand, bores and additional channels in the housing 2 are 
spared, for example, the channel 20. 

[0048] Fig. 8 shows a further embodiment of an axial valve which essentially 
corresponds to the embodiment of Fig. 1. Parts similar to those of Fig. 1 are 
provided with similar reference numbers. 
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[0049] In difference to the embodiment of Fig. 1 the valve element 6 is not only 
guided in the area of the wall 8 of the housing 2 on its outer circumference, but is 
also guided on a diminished section 40 which is surroxmded by a housing guide 
41. In general, the function of the construction of the axial valve 1 is similar to 
that of the embodiment according to Fig. 1. Here also the valve element 6 is 
arranged in the housing bore 14 free of seals, that is exceptionally small 
differential pressures between the inlet 3 and the outlet 4 are sufficient to move 
the valve element 6 from the valve seat 5 when the pilot valve 21 is opened. 



